The optimal antiplatelet therapy after percutaneous coronary intervention (PCI) remains to be elucidated. Monotherapy with a P2Y12 inhibitor may be inferior to dual antiplatelet therapy in patients after PCI. PubMed, EMBASE (by Ovidsp), Web of Science, and The Cochrane Library were searched from database inception to 2 October 2019. The composite of cardiovascular outcomes, all-cause mortality,
myocardial infarction (MI), stroke, stent thrombosis, and major bleeding were evaluated. Pooled outcomes were presented as relative risk (RR) and 95% confidence intervals (CIs). A total of four trials randomizing 29 089 participants were included.
Compared with the dual antiplatelet therapy group (n = 14 559), the P2Y12 inhibitor monotherapy group (n = 14 530) significantly decreased the incidence of bleeding events (2.0% vs 3.1%; RR: 0.60; 95% CI: 0.43-0.84; P = .005). There were no significant differences in all-cause mortality (1.3% vs 1.5%; RR: 0.87; 95% CI, 0.71-1.06; P = . 16 ), myocardial infarction (2.1% vs 1.9%; RR, 1.06; 95% CI, 0.90-1.25; P = .46), stroke (0.6% vs 0.5%; RR, 1.18; 95% CI, 0.67-2.07; P = .57), or stent thrombosis (0.5% vs 0.4%; RR, 1.14; 95% CI, 0.81-1.61; P = .44) between the two groups. P2Y12 inhibitor monotherapy did not show any significant difference in the adverse cardiac and cerebrovascular events, but markedly decreased the risk of bleeding among patients after PCI vs dual antiplatelet therapy. However, it still needs to be further confirmed due to limited data. The current guidelines recommend standard dual antiplatelet therapy (DAPT), that is, aspirin plus a P2Y12 inhibitor for at least 12 months in acute coronary syndrome (ACS) and for at least 6 months in stable coronary artery disease. 1, 2 A standard dual antiplatelet regimen reduces the risk of ischemic events with an unacceptable increase in the risk of adverse events. The Clopidogrel versus Aspirin in Patients at Risk of Ischemic Events (CAPRIE) trial suggested that clopidogrel had a significant advantage compared with aspirin alone for the prevention of stroke, myocardial infarction (MI) in patients with atherosclerotic vascular disease. 3 Meta-analyses found that the short-term DAPT (<12 months) duration was associated with similar risk of ischemic events and a lower risk of bleeding after percutaneous coronary intervention (PCI) than 12-month duration. 4 An observational study that compared clopidogrel monotherapy with aspirin monotherapy Correction added on 03-Jan, after first online publication: Article category updated from "Review" to "Clinical Investigation." after 12-month DAPT after drug eluting stent (DES) implantation, provides hypothesis-generating evidence that clopidogrel monotherapy had more prognostic benefit than aspirin alone after DAPT in patients after percutaneous coronary intervention (PCI). 5 P2Y12 inhibitor monotherapy was considered to be a new alternative antiplatelet strategy in patients after implantation of stents.
Shortening the duration of aspirin therapy with more prolonged use of potent P2Y12 inhibitors may avoid aspirin-related adverse risk. We aimed to explore the efficacy and safety of P2Y12 inhibitor monotherapy followed by short-duration dual antiplatelet therapy in patients after PCI on the basis of the available evidence from all randomized controlled trials (RCTs).
| METHODS

| Data sources and searches
This systematic review was performed in accordance with the Preferred Reporting Items for Systematic Reviews (PRISMA) and meta-analyses guidelines. 6 A systematic search from PubMed, EMBASE (by Ovidsp), Web of Science, and The Cochrane Library was conducted from database inception to 2 October 2019, without a language restriction. Pre-defined search key words included P2Y12 inhibitor monotherapy, dual antiplatelet therapy, percutaneous coronary intervention, and randomized controlled trial.
| Study selection
Trials were selected if they (a) enrolled patients undergoing percutaneous coronary intervention, (b) were randomized clinical trials comparing P2Y12 antagonist monotherapy followed by short-duration dual antiplatelet therapy with a dual antiplatelet regimen; and (c) reported clinically relevant efficacy and safety endpoints, such as cardiovascular events and bleeding endpoints.
| Data extraction and quality assessment
After removal of duplicates, two investigators screened the search records by titles and abstracts. Disagreements were resolved through consensus. The same investigators independently recorded data on details of the included studies (ie, the study design, patients' characteristics, study and control treatment, follow-up time, outcomes), and assessed the quality of the included randomized trials by the Cochrane collaboration's tool across five domains (sequence generation, allocation concealment, blinding of participants and researchers, outcomes assessment, and selection reporting). 7 Differences were cross-checked by a third reviewer.
| Study outcomes
The primary efficacy outcome of interest was composite cardiovascular outcome (death, stroke, or MI). Secondary efficacy outcomes included all-cause mortality, MI, stroke (included ischemic, hemorrhagic, and F I G U R E 1 Flowchart for study selection unknown), and stent thrombosis. Safety endpoint was the bleeding, which was individually defined across studies.
| Data synthesis and analysis
This statistical analysis was performed using RevMan software (version 5.3). Fixed-effects or random-effects models were selected for each outcome based on the heterogeneity of the included trials, which was evaluated using the I 2 statistic. 8 A random-effects model was used for outcomes with high heterogeneity (I 2 > 50%). Pooled outcomes were presented as relative risks (RRs) and 95% confidence intervals (CIs). 9 Differences between pooled RRs were assessed using z tests. Publication bias was not examined due to the small number of studies limiting the ability of funnel plots or regression analysis to test for bias. 10 Subgroup analyses were conducted by the type of P2Y12 inhibitors.
| RESULTS
As described in Figure 1 patients met our eligibility criteria. [11] [12] [13] [14] Of these, 14 530 patients were randomized to monotherapy with a P2Y12 inhibitor, whereas 14 599 patients were randomized to standard dual antiplatelet therapy. Four trials tested P2Y12 inhibitor monotherapy after 1 to 3 month of DAPT vs P2Y12 inhibitor plus aspirin ( Table 1 ). The GLOBAL LEADERS trial 11 defines composite cardiovascular outcome as a composite of all-cause mortality or nonfatal centrally adjudicated new Q-wave myocardial infarction ( Table 1 ). The characteristics of patients in the included trials are shown in Table 2 . Among patients eligible for the study, the mean age ranged from 53.7 to 79.5 years, the majority of patients were men, and more than 50% of participants had hypertension. The TWILIGHT study mainly includes high-risk patients.
Risk of bias assessment for each randomized controlled trial (RCT)
was on the basis of Cochrane Collaboration guidelines. No evidence of high risk of bias was noted in three open-label and one doubleblind study ( Figure S1 ). Basically, no significant heterogeneity was found in the trial outcomes of these studies, with the exception of stroke (I 2 = 57%) and bleeding outcomes (I 2 = 73%). A random-effects model was used for outcomes in this study.
The pooled results for four trials are revealed in the forest plot.
There was not associated with significant reductions in a composite endpoint of cardiovascular outcomes (2.8% vs 3.1%; RR: 0.90; 95% CI: 0.79-1.03; P = .13) at 12 months after PCI. Furthermore, there were no significant differences in all-cause mortality (1.3% vs 1.5%; RR: 0.87; 95% CI, 0.71-1.06; P = .16), myocardial infarction (2.1% vs 1.9%; RR, 1.06; 95% CI, 0.90-1.25; P = .46), stroke (0.6% vs 0.5%; RR, 1.18; 95% CI, 0.67-2.07; P = .57), or stent thrombosis (0.5% vs 0.4%; RR, 1.14;
95% CI, 0.81-1.61; P = .44) between the two groups ( Figure 2 ). Monotherapy with P2Y12 antagonist after short-duration dual antiplatelet therapy was associated with a 40% lower risk of major bleeding than P2Y12 inhibitor plus aspirin (RR: 0.60; 95% CI: 0.43 to 0.84; P = .005) T A B L E 1 Main characteristics of the studies included in meta-analysis ( Figure 3 ). These data indicated that P2Y12 antagonist alone after shortening the duration of aspirin therapy had no significant increase in the occurrence of a composite endpoint of cardiovascular outcomes, and markedly decreased the risk of bleeding events than the DAPT group.
The subgroups analysis according to the type of P2Y12 inhibitors for the bleeding events, the date of clopidogrel alone is limited. The therapeutic effects of ticagrelor monotherapy compared with DAPT were consistent with pooled result ( Figure S2 ). But it still needs to be further confirmed.
| DISCUSSION
In this study, the efficacy and safety of P2Y12 inhibitor monotherapy followed by short-duration dual antiplatelet therapy in patients after PCI on the basis of the available evidence from all randomized controlled trials was assessed. We found that P2Y12 antagonist alone after reducing the duration of dual antiplatelet therapy had no significant difference in the occurrence of a composite endpoint of cardiovascular outcomes compared with that in the DAPT group, but markedly decreased the risk of bleeding. The P2Y12 inhibitor monotherapy after short-duration dual antiplatelet therapy might be noninferior to the current standard of care in terms of the reduced risk of bleeding events. In general, P2Y12 inhibitor monotherapy appears to reduce adverse events than P2Y12 inhibitor plus aspirin.
Platelet activation and aggregation play key roles in initiating and
propagating coronary thrombosis. In the platelet inhibition and patient outcomes (PLATO) trial, ticagrelor, compared with clopidogrel, significantly reduced ischemic events and mortality without increasing the rate of overall major bleeding, but with increased the risk of minor bleeding. 15 Reduction of bleeding after PCI is of great importance, because it has a strong relationship with subsequent all-cause mortality and major adverse cardiovascular events. 16 thrombosis. However, all-cause mortality and rates of moderate and severe bleeding increased. 17 In previous studies, attempts to decrease the intensity of DAPT were mainly in patients with high risk of bleeding. It was reported that P2Y12 inhibitor monotherapy inhibited the activation of hemostatic system to a comparable extent compared with dual antiplatelet therapy. 18 In this study, P2Y12 antagonist Horizontal lines represent the 95% CIs of the risk ratios. The size of the square reflects the weight that the corresponding study contributes in the meta-analysis. The diamond represents the pooled risk ratio or the overall effect monotherapy was noninferior to dual antiplatelet therapy in clinical efficacy, but markedly reduced the risk of bleeding.
The findings of the SMART-CHOICE trial and the STOPDAPT-2 trial showed that monotherapy with a P2Y12 inhibitor after shortduration dual antiplatelet therapy was noninferior to 12-month DAPT in the Asian patients who were at lower risk for ischemic events. 12, 13 There was no restriction on the type of P2Y12 inhibitors in the SMART-CHOICE trial. On the contrary, the STOPDAPT-2 trial is limited by the exclusive use of clopidogrel. Nevertheless, in the subgroup analysis of this study, there was no significant interaction between the type of P2Y12 inhibitors and the treatment effects of the two antiplatelet regimens on the bleeding events. The TWILIGHT study, 14 enrolled patients undergoing PCI who are at high risk for ischemic or hemorrhagic complications, was associated with a 51% lower risk of bleeding. In contrast to these three studies, the results of The GLOBAL LEADERS trial showed that DAPT for 1 month followed by 23 months of ticagrelor alone did not reduce the incidence of bleeding than the traditional DAPT treatment regimen. 11 Patients included in this analysis mainly were treated with ticagrelor alone after 1 to 3 month of P2Y12 inhibitors plus aspirin. These findings may be attributable to the differences in the research design, type of P2Y12 inhibitors, duration of therapy after randomization, and so on.
Overall, these trials with a large sample of evidence indicated that P2Y12 inhibitor monotherapy followed by very short-duration dual antiplatelet therapy may be the future direction of antiplatelet therapy in patients after PCI.
| LIMITATIONS
This study has several limitations. First, the inherent limitations of meta-analyses exist, including quality and availability of the original data. Second, the sensitivity analysis was not evaluated due to the small number of trials. Third, the design and definitions of endpoints differed between those studies, which potentially reduced precision in the analyses. Fourth, the duration of DAPT after randomization was different in three eligible trials that might influence the risk of pooled endpoints, the TWILIGHT trial tested the results between randomization and 1 year, whereas the follow-up endpoints of the other three trials in our analysis were 12 months after PCI. In addition, the included patients were from different countries, and the incidence of ischemic events might be relatively low in Asian participants compared with US and European patients. Sixth, the majority of patients had stable coronary heart disease. Except the TWILIGHT trial, other studies are mainly enrolled low-risk patients after PCI. Therefore, it still needs further researches to prove that P2Y12 inhibitor monotherapy is appropriate to patients after PCI.
| CONCLUSION
P2Y12 inhibitor monotherapy did not show any significant difference in the adverse cardiac and cerebrovascular events, but markedly decreased the risk of bleeding among patients after PCI versus dual antiplatelet therapy. However, as a result of the limited data, this conclusion should be further confirmed by more clinical trials.
